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(54) Title: PARTICLE BEAM DEVICE 
(57) Abstract 

This invention relates to a particle beam device comprising a primary particle 
source (2) for providing a primary particle beam and a specimen onto which the 
primary particle beam impinges in a certain direction thereby producing secondary 
particles. It further comprises optical devices for directing particles from source to 
specimen, and a detector (14) for secondary particles being arranged outside of the 
primarjf particle beam path. The primary particle beam runs diagonally to the optical 
axis and is then guided onto the optical axis by a redirection unit (56). 
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PARTICLE BEAM DEVICE 



FIELD OF THE INVENTION 



This invention relates to a particle beam device comprising a primary 
particle source for providing a primary particle beam, a specimen onto v^hich the 
primary particle beam impinges in a direction thereby producing secondary 
particles, optical devices for directing particles from source to specimen, and a 
detector for secondary particles being arranged outside of the primary particle 
beam path. 



BACKGROUND OF THE INVENTION 



The above described particle beam device is, in general, known e.g. as 
scanning electron microscope. The detection of secondary particles is of 
particular importance since they contain information regarding the specimen to be 
examined. Primary particles (in general electrons, therefore, v^ithout limiting the 
scope of the invention, the expressions primary electrons or secondary electrons 
will often be used in the following) have to be separated from secondary particles. 
Thereby, the primary particle beam should be influenced as little as possible i.e. 
the resolution of the system should not deteriorate. Further, secondary particles 
should be completely detected. 
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In the past, two systems have been used for detectors arranged at the side. 
In one system, the detector has been arranged within the specimen chamber i.e. 
between objective lens and specimen. Thereby, disadvantageous^, the working 
distance which is the minimum distance between objective lens and specimen was 
increased by the secondary electron detector. In addition, a weak field directed 
sideways is necessary for deflection of secondary particles towards the detector. 
Both have a negative influence on the smallest achievable diameter of the primary 
beam which, in turn, determines the resolution of the system, 

In many cases, the detector is arranged above the objective lens, in particular 
in case of objective lenses with superimposed electrostatic and magnetic fields. If 
the detector is arranged on the side, then the secondary electrons are deflected 
firom the optical axis towards the detector using a Wien-filter characterized by 
crossing E and B fields. However, a Wien filter requires extensive care and is 
difficult to adjust. 

SUMMARY OF THE INVENTION 

The invention therefore provides a particle beam device which uses a simple 
but effective arrangement to separate secondary electrons from primary electrons 
and influences resolution of the primary electron beam as litfle as possible. 

This object is achieved by means which cause the primary particle beam to 
run diagonally to the optical axis and by deflection means arranged below the 
detector for redirecting the primary particle beam into the optical axis. 

The expressions "below" and "above" are used in the context that the source 
is provided "above" the specimen which is usually the case. 

The invention provides, in particular, the following advantages: The 
primary particle beam having a path diagonal to the axis requires a redirection 
unit. However, the redirection unit can be very simple i.e. much simpler than a 
Wien filter. It also affects secondary particles in the sense that it separates 
primary and secondary particles. This is regardless of the redirection unit being 
magnetic or electrostatic which will be explained in further detail below. If the 
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detector is arranged (lateral) in the direction of the secondary particles being 
redirected by the redirection unit then these can be detected without much effort. 
On the other hand, the primary particle beam is hardly influenced This is in 
particular true in view of the small angles occurring in practice. 

5 

It is preferred to tilt the source and the optical devices arranged above the 
redirection unit. If source and optical devices (e.g. condenser lens) arranged 
above the redirection unit are tilted at a selected angle with respect to the axis 
which normally connects source and specimen then, in a simple manner, it is 
10 accomplished that the primary particle beam runs diagonal to this axis. This 

angular path is corrected by the redirection unit according to the invention which 
in addition affects the secondary particles in the desired fashion. 

Preferably, at least a section of the path of the primary particle beam above 
15 the redirection unit is shifted parallel to the optical axis. In that case, a deflection 

unit for deflecting the primary beam towards the optical axis is provided. In this 
embodiment, source and optical devices (or a part of it) are not tilted but shifted 
parallel. The beam parallel to the axis is then directed in a direction angular to 
and towards the axis by a deflection unit. This deflection unit does not need to be 
20 different to the redirection unit of the invention. The deflection unit is provided in 

addition, still, it requires less effort than the use of e.g. a Wien filter. In addition, 
it has the advantage that imaging defects (aberration) which might be caused by 
the redirection can be compensated through the deflection which is opposite to the 
redirection. 

25 

In even more preferred embodiments, the direction of the primary beam 
coming from the source is essentially the one of the optical axis as defined by the 
objective lens. In that case there is provided a first deflection for deflecting the 
primary beam from the axis and a second deflection unit for deflecting the primary 
30 beam back towards the axis. 

In that arrangement, the normal set-up of a scanning electron microscope is 
maintained i.e. source and specimen are arranged above each other on a straight 
line, the optical axis. The provision of two deflection units, one for deflecting the 
35 primary beam from this axis and the other one for deflecting the beam back 

towards the axis allows for a correction of imaging defects by properly selecting 
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parameters e.g. angles, distances, electrical and magnetic fields. Subsequently, 
the redirection unit directs the beam back onto the optical axis. By a proper 
selection of the nature of the redirection fields, a better separation of primary and 
secondary particles is possible which will be explained further down. 

5 

In this embodiment, the primary beam runs above and below the deflection 
and redirection units along a center line (the optical axis) which suppresses 
imaging defects caused by a non-axial propagation of the beam in electron optical 
components such as condenser and objective lens. 

10 

Preferably, the first (if two deflection units are used) and/or only or second 
deflection unit are electrostatic. It is also preferred, that the first (if two deflection 
units are used) and/or only or second deflection unit are magnetic. In general, all 
combinations or superposition of deflection fields are possible. Some of them and 
15 some combinations have particular advantageous which will be explained further 

down. Care should be taken, however, that the selected combinations respectively 
superpositions are simple and not as complicated as a Wien filter which, 
according to the invention, shall be avoided. 

20 Preferably, the redirection unit is magnetic and/or electrostatic. A magnetic 

redirection unit, in particular, separates secondary and primary beam into 
complementary parts. According to Lorentz Law, secondary particles which fly in 
a direction opposite to the direction of the primary particles experience an 
opposite force. In other words, they are directed into a region which is 

25 complementary to the region of the primary particle beam. 

In case the redirection unit is electrostatic, the secondary particles are 
directed into the region defined by the primary particle beam. However, the angle 
of redirection of the secondary particles is bigger since the angle of redirection is 
30 inversely proportional to the velocity. This results in a directional separation of 

the secondary particles from the primary particles. 

In particular, it is preferred to use a second electrostatic deflection unit and a 
magnetic redirection unit. Thereby, the detector is located above the second 
35 deflection unit. As explained, the magnetic redirection units directs the secondary 

beam into a region complementary to the one of the primary beam and diverges 
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from it. The second electrostatic deflection unit additionally deflects the 
secondary beam resulting in an even bigger separation. 

It is preferred to separate the first deflection device from the second 
deflection device and/or the second deflection device from the redirection unit. 
This way, the particles in the primary and secondary beam can travel longer 
distances before they change their path again and thus achieve bigger distances 
from the optical axis and from each other. Consequently, it is easier to locate the 
detectors so that only secondary particles are detected. 

In even more preferred embodiments, the first deflection is magnetic since 
magnetic deflection devices are easier to accompUsh. 

Preferably, an opposing field spectrometer is arranged before the detector. 
Due to the complete separation of secondary particles, additional analytical 
elements such as an opposing field spectrometer can be used. 

The invention is also directed to methods by which the described apparatus 
operates. It includes method steps for carrying out every function of the 
apparatus. These method steps may be performed by way of hardware 
components, a computer programmed by appropriate software, by any 
combination of the two or in any other manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following the invention is explained with respect to preferred 
examples and with reference to the accompanying drawings which will be 
explamed in the following in further detail. Thereby, 

Fig. 1 shows a first embodiment according to the invention with Uvo 
deflection devices and a redirection unit. 

Fig. 2 shows a second embodiment according to the invention with one 
deflection device, and a redirection unit. The primary beam above 
the deflection device is shifted parallel to the optical axis. 
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Fig. 3 shows a third embodiment according to the invention with one 
electrostatic deflection device and a magnetic redirection unit. The 
primary beam above the deflection device is shifted parallel to the 
optical axis. 

Fig. 4 shows a fourth embodiment according to the invention with two 
deflection devices and a redirection unit. The second deflection 
device is electrostatic and the redirection unit is magnetic. 

Fig. 5 shows a fifth embodiment according to the invention in which the 
particle source and a part of the optical devices are tilted with respect 
to the optical axis. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 shows the primary particle beam, propagating along optical axis A, 
which comes from its source and subsequent optical devices (e.g. Cathode, 
Wehnelt assembly, Wehnelt cup, anode and condenser lens) all of which being 
denoted with reference sign 2. 

A first deflection unit 52, magnetic and/or electrostatic, deflects the beam 
from optical axis A. "Optical axis" is understood as axis (in general defined by 
the optical axis of the objective lens) along which the primary electron beam 
would propagate without the deflection and redirection units of the invention. The 
first deflection unit 52 deflects the beam from the optical axis and the second 
magnetic and/or electrostatic deflection unit 54 deflects it back so that it runs 
diagonally to the optical axis. Redirection unit 56 directs the primary particle 
beam back into optical axis A and, subsequently, it propagates along a path which 
it would have taken without deflection units 52 and 54. 

The primary electron beam is guided through objective 24 and impinges in 
known manner onto specimen 26. Scanning electron microscopes comprise 
additional scanning elements not shown in the drawings. When the primary 
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particle beam impinges onto the specimen 26, secondary particles e.g. secondary 
electrons or backscattered electrons are created and appropriate devices accelerate 
them in direction of the objective lens which bundles them. Secondary particles in 
the vicinity of optical axis A will enter magnetic redirection unit 56 and will be 
5 guided, according to Lorentz law, in the region complementary to the one 

occupied by the primary particles. Detector 14 is arranged in the region of the 
secondary particles so that they impinge onto same. In the inventive arrangement 
it is possible to use e.g. a opposing field spectrometer. 

10 In the embodiment shown in fig. 1, it is possible to replace the magnetic 

redirection unit 56 with an electrostatic one. In this case, the secondary particles 
are directed into the same region from which the primary particle beam is coming 
from. However, the angle of redirection of the secondary particles is bigger since 
the angle of redirection is inversely proportional to the velocity. This results in a 

1 5 directional separation of the secondary particles from the primary particles. 

Fig. 2 shows in principal the embodiment of fig.l. However, the primary 
particle beam PE when coming from source 2 is not aligned but shifted parallel 
with respect to optical axis A defined by objective lens 24. Deflection unit 54 

20 deflects the particle beam so that it propagates towards optical axis A and 

diagonal thereto. In this preferred arrangement, a first deflection unit 52 which 
would deflect the primary beam from optical axis A is not required. Nevertheless, 
the primary beam propagates still a certain distance diagonal to the optical axis 
before redirection unit 56 directs it back onto it prior to passing through objective 

25 lens 24. Here again, redirection unit 56 is preferably electrostatic which entails 

the above described consequences. 

The embodiment of fig. 3 comprises one deflection device 54 and a 
redirection unit 56. Source 2 is located so that it emits a primary beam which 

30 propagates parallel to the optical axis of the objective lens 24. In this preferred 

embodiment, deflection device 54 is electrostatic and the redirection unit is 
magnetic. Consequently, secondary particles coming from specimen 26 are 
guided by the redirection unit into a direction different to the direction of the 
incoming primary beam. This initial separation is emphasized by deflection device 

35 54 which acts, due to their slower velocity, stronger on the secondary than on the 
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primary particles. In this embodiment, the detector is preferably arranged above 
deflection device 54. 

In certain applications, it is desirable to align particle source 2 and objective 
5 lens 24 on one axis. Such an arrangement is shown in fig: 4. In order to still 

make use of the present invention, it is preferred to provide a first deflection unit 
52 for deflecting the primary beam from the common axis. The remaining parts 
of the shown embodiment are identical with those described in fig. 3. The second 
deflection unit 54 is electrostatic and redirection unit 56 is magnetic again. This 
10 results in respective paths of primary and secondary electron beams. Even so the 

first deflection device can be either magnetic or electric, it is preferred to use 
magnetic ones since, from a constructional point of view, they are easier to 
accomplish. 

15 In the embodiment shown in fig. 5, same reference numbers relate to same 

or corresponding parts. The part of the beam path which runs diagonally to optical 
axis A is obtained by tilting the devices and parts denoted with reference number 
2 which represent the particle source. Thus, deflection units 52 and 54 are not 
needed since the primary beam already enters redirection unit 56 at a certain angle 

20 which allows easier separation of primary and secondary particles. It is within the 

scope of the present invention to tilt the upper part of the beam column or the 
source respectively emitter chamber with respect to the optical axis defined by the 
objective lens. Alternatively, it is possible to tiU the objective lens with respect to 
the beam column. The tihing can be accomplished by the carrier frame of the 

25 beam column or by accommodating the respective parts tilted within the carrier 

frame. In certain cases, the mechanical tilting of the beam path might result in 
less quality optical imaging due to the lack of correction options, however, fewer 
electromagnetic deflection devices are needed to carry out the invention. In 
embodiments with mechanically tilted primary beam paths, all kind of redirection 

30 units, electric and/or magnetic, can be used. In preferred embodiments, a 

magnetic redirection unit is used. 

In all figures an opposing field spectrometer 15 is advantageously arranged 
in front of the detectors. The concept of the invention can, of course, also be 
35 carried out without such a spectrometer. In preferred embodiments, the 

redirection unit is located above the objective lens. This allows easier 
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acconunodation of the redirection unit and provides better separation between 
primary and secondary particles. 

The redirection unit shown in the above described figures is arranged so that 
it can redirect both, primary and the secondary particles. If, in the context of this 
description, a deflection device or the redirection unit is quoted as being 
electrostatic or magnetic then it is meant that these devices and units are capable 
of producing a respective field which acts on the charged primary and secondary 
particles. 

It should be noted that radial dimensions and deflection angles shown in the 
figures are exaggerated for demonstrative purposes. Further, without limiting the 
scope of claims, the actual beam deflections are simply indicated by a kink. Also, 
in all figures it is assumed that the charges of the primary and secondary particles 
are of the same polarity. Should it be required to detect secondary particles 
having a polarity opposite to the primary particles then the respective positions for 
the detectors or the respective field directions of the deflection devices and the 
redirection unit have to be adapted accordingly. 

The above described principal of the invention is not limited to scanning 
microscopes but can be carried out in all kind of charged particle beam devices. 
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CLAIMS 



Particle beam apparatus comprising: 

a source (2) for providing primary particles in a primary beam; 

a particle optic (24) for guiding particles from the source (2) onto the 

specimen (26); 

a secondary particle detector (14) arranged outside the primary particle 
beam path; 

characterized in comprising 
deflection devices (52, 54) causing the primary particle beam to run 
diagonally to optical axis (A); 

a redirection unit (56) below the detector for redirecting the primary particle 
beam into optical axis (A); whereby 

at least one of devices (52, 54) and/or redirection unit (56) is magnetic or 
electrostatic magnetic. 

The particle beam apparatus according to claim 1, whereby redirection unit 
(56) is magnetic or electrostatic magnetic. 

The particle beam apparatus according to any of the preceding claims, 
whereby at least part of the primary beam path before redirection unit (56) is 
parallel to optical axis (A); and whereby 

deflection device (54) deflects the primary beam from said parallel path to 
run diagonally to optical axis (A). 

The particle beam apparatus according to any of the preceding claims, 
whereby the primary beam coming from source 2 essentially propagates in 
optical axis (A); and whereby deflection devices (52,54) comprise 
a first deflection device (52) for deflecting the primary beam from optical 
axis (A); and 

a second deflection device (54) for deflecting the primary beam back to run 
diagonally to optical axis (A). 
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5. The particle beam apparatus according to any of the preceding claims, 
whereby the (first) deflection device (52) and/or (second) deflection device 
(54) is electrostatic. 

5 6. The particle beam apparatus according to any of the preceding claims, 

whereby the (first) deflection device (52) and/or (second) deflection device 
(54) is magnetic. 

7. The particle beam apparatus according to any of the preceding claims, 
10 whereby the second deflection unit (54) is electrostatic and redu-ection unit 

(56) is magnetic; and whereby 

detector (14) for secondary particles is arranged above second deflection 
unit (54). 

15 8. The particle beam apparatus according to claim 7, whereby the first 

deflection unit (52) is magnetic. 

9. Particle beam apparatus comprising: 

a source (2) for providing primary particles in a primary beam; 
20 a particle optic (24) for guiding particles from the source (2) onto the 

specimen (26); 

a secondary particle detector (14) arranged outside the primary particle 
beam path; 

characterized in that 

25 said source (2) is tilted with respect to optical axis (A) causing the primary 

particle beam to run diagonally to optical axis (A); 

a redirection unit (56) below the detector for redirecting the primary particle 
beam into optical axis (A). 

30 10. The particle beam device of claim 9, wherein the redirection unit is 

magnetic or electrostatic magnetic. 



11. 



The particle beam apparatus according to any of the preceding claims, 
whereby an opposing field spectrometer is arranged in front of detector (14). 
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